In vivo and in vitro formation of glutathione conjugates from the K-region epoxides of 1-nitropyrene.
4,5-Epoxy-4,5-dihydro-1-nitropyrene (1-nitropyrene 4,5-oxide) and 9,10-epoxy-9,10-dihydro-1-nitropyrene (1-nitropyrene 9,10-oxide), which are electrophilic metabolites formed during the metabolism of the environmental pollutant, 1-nitropyrene, reacted slowly with glutathione. The rate of conjugation was greatly enhanced by the addition of purified rat liver glutathione (GSH) transferases, with transferases 3-3 and 4-4 exhibiting higher catalytic activities than transferases 1-1, 2-2 and 7-7. Two GSH conjugates were formed from each of the oxides: 1-nitropyrene 4,5-oxide gave a 1:1 mixture of 4-(glutathion-S-yl)-5-hydroxy-4,5-dihydro-1-nitropyrene and 5-(glutathion-S-yl)-4-hydroxy-4,5-dihydro-1-nitropyrene while 1-nitropyrene 9,10-oxide gave a 2:1 mixture of 9-(glutathion-S-yl)-10-hydroxy-9,10-dihydro-1-nitropyrene and 10-(glutathion-S-yl)-9-hydroxy-9,10-dihydro-1-nitropyrene. Both K-region oxides were converted to trans-dihydrodiols by hepatic microsomal epoxide hydrase, and faster rates were observed with 1-nitropyrene 4,5-oxide. In subsequent experiments [4,5,9,10-3H]1-nitropyrene was administered to Sprague-Dawley rats by intravenous and intraperitoneal injections. HPLC analysis of biliary metabolites indicated the presence of four GSH conjugates that were identical to those obtained from reactions of the K-region oxides with GSH. In addition, glucuronide conjugates were detected from trans-4,5-dihydroxy-4,5-dihydro-1-nitropyrene (1-nitropyrene trans-4,5-dihydrodiol) but not trans-9,10-dihydroxy-9,10-dihydro-1-nitropyrene (1-nitropyrene trans-9,10-dihydrodiol). These data combined with earlier studies indicate that 1-nitropyrene is oxidized preferentially to 1-nitropyrene 4,5-oxide and that, while the main detoxification pathway of 1-nitropyrene 9,10-oxide is GSH conjugation, 1-nitropyrene 4,5-oxide is excreted via both GSH conjugation and dihydrodiol formation followed by O-glucuronidation.